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Abstract. Astrophysics experiments by Falcon et al. to create white dwarf photo- 
spheres in the laboratory are currently underway. The experimental platform measures 
Balmer line profiles of a radiation-driven, pure hydrogen plasma in emission and in 
absorption for conditions at T e ~ 1 eV, n e ~ 10 I7 crrT 3 . These will be used to com- 
pare and test line broadening theories used in white dwarf atmosphere models. The 
flexibility of the platform allows us to expand the direction of our experiments using 
other compositions. We discuss future prospects such as exploring helium plasmas and 
carbon/oxygen plasmas relevant to the photospheres of DBs and hot DQs, respectively. 



1. Introduction 



In white dwarf (WD) astronomy, the method of infering photospheric conditions from 
the comparison of line profiles in observed spectra to those in s ynthetic spectra from 
WD atmosphere models, known as the spectroscopic method (e.g., Bergeron et al. Il992h . 
is the most widely-used techniq ue and is responsib l e for determining parameters for 



tens of thousands of W Ds (e.g ., iLiebert et al.l 120051 : iKepler etlrtl 120071 : iKoester et al. 
2009b; C astanheira etaDl201oh . 



This method is powerful and precise (y^ 
for a given star), but it is not yet in its ultimate form 
termined from spectroscopic investigations disagrees with the mean mass determined 
from the atmospher e model-independent technique which uses gravitational redshifts 
( Falcon et al.ll2010bh . indicating an underestimated spectroscopic mass at all T e ff. For 
cooler WDs with T e fi < 12, 000 K, fitting observed spectra is we ll-known to be par- 
ticularly problematic dBergeron et al.1 120071 : IKoester et al.1 l2009ah . Furthermore, the 
WD atmosphere models used in the spectros copic method are still advancing. The 
latest models of lTremblay~ fe Bergeron] d2009h use newly-calculated Stark broadened 
line profiles of hydrogen that include non-ideal gas effects , and in re-analyzi ng the 
hydrogen-atmosphere WDs from the Palomar-Green Survey dLiebert et al.l l2005). their 
spectroscopic fits yield significant systematic increases in T e s ~ 200 - 1000 K and in 
log g -0.04-0.1. 

Here we briefly review the laboratory astrophysics expe riments to create r adiation- 
driven hydrogen plasmas at WD photospheric conditions dFalcon et al.ll2010al) . These 



5 % and ^ ~ 1 % are typical 
The mean mass of WDs de- 
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are aimed at measuring hydrogen spectral line shapes for the purpose of constraining 
theory and thus improving the spectroscopic method. We then look to the future and 
discuss how we can utilize this experimental platform dFalcon et al.ll2012ah to explore 
other outstanding problems in WD astronomy as well as in other areas of physics. 



2. (Brief) Review of the Experiments 

Please see lFalcon et al.l ( 2012a!) for a detailed description of our experimental platform. 



2.1. The Z Astrophysical Plasma Properties (ZAPP) Collaboration 

Ours is one of four laboratory astro physics experiment s being conducted in collabora- 
tion at the Z Pulsed Power Facility (M atzen et al.ll2005 ) at Sandia National Laborato 



ries. The Z Astrophysical Plasma Properties (ZAPP) Collaboration (Montgomery et al. 



2012b currently performs all these experiments simultaneously making use of the same 
x-ray source to drive plasma formation for a range of compositions. ZAPP experi- 
menters use these plasmas to study environments regarded as extreme on Earth but 
are quite normal with respect to the universe. This includes reproducing the condi- 



tions at th e solar convection zone boundary (T e ~ 190 eV, n e = 10 cm ) for iron 

photoion ized ( T R ~ 20-40 eV, 
Hall et all l2009ll2010h . studying 



plasmas (IBailey 



10 ls cm" j ) 



et all 120071 . l2009h. producing high ly 
neon plasmas dMancini et al l 120091 : li 



resonant Auger destruction (e.g., Liedahl 2005) with photoionized silicon plasmas, and 
creating macrosco pic hydrogen plasmas (J K ~ 1 eV, n e 
spheric conditions dFalcon et alj|2010all2012al) . 



lO^m -3 ) at WD photo- 



2.2. Setup and Plasma Formation 

Before it becomes a plasma, we begin with a gas cell (Figure [D filled with H2 gas at 
room temperature. We use az-pinch dynamic hohlraum (Sanf ord et al.l2002l:lRochau et al. 



120081) as the x-ray source to irradiate the gas cell. X-rays transmit through a thin 
(~ 1.4jum) Mylar window to enter the cell. The Mylar attenuates the radiation, elimi- 
nating lower energy photons. Hydrogen is transparent to photons at these higher ener- 
gies; they stream through the gas and do not directly contribute to the plasma heating. 
They are absorbed by a gold wall at the back end of the cell cavity. The heated gold re- 
emits as a Planckian surface with a temperature of -5 eV, heating the hydrogen through 
photoionization. The radiation-driven quality of our plasma is unique amongst other 
plasma formation techniques. 



2.3. Data 

We observe the hydrogen plasma along lines of sight (LOS) perpendicular to the z- 
pinch radiation and parallel to the gold wall using lens-coupled optical fibers, which 
deliver the light to time-resolved spectrometer systems. 

These systems consist of a 1 m focal length, //7 aperture Czerny-Turner design 
spectrometer with a streak camera that sweeps the spectrum over ~ 450 ns with ~ 
1 - 2 ns temporal resolution. The phosphor emittance from the camera goes through 
a micro-channel plate intensifier, and the output records onto Kodak T-MAX 400 film. 
We achieve ~ 9 A spectral resolution when using a 150 groove/mm grating. 

Figure |2] shows an example time-resolved spectrum (streak image). In the streak 
image, the hydrogen gas is invisible until the z-pinch x-rays arrive to heat the gold wall. 
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Figure 1 . Figure from Falc on et"ai1 d2012al) . Top-view and front-view drawings of 
a gas cell design that uses two lines of sight at different distances from the gold wall 
and in antiparallel, horizontal directions. The top-view is in cross-section, reveal- 
ing gold reflectors used as back-lighting surfaces located on each end of the central 
cavity. The buffers (orange) separate the optics from the hot plasma created in this 
cavity. 



Within ~ 80 ns from the onset of the x-rays, the plasma reaches a quasi-steady-state. 
The line shapes remain relatively constant while the back-lighting continuum decreases 
in time as the gold reflector cools. 



3. Future Directions 

The motivation for these experiments and the experimental platform does not end at 
investigating hydrogen plasmas relevant to DA atmospheres. A significant part of the 
scientific impetus is the potential to explore other interesting problems using the same 
general platform. Here we mention some possible future directions for our experiments. 
We focus on problems in WD astronomy, though the problems in other areas of physics 
beckon as well. 



3.1. Helium - DBs 



DBs show an increase in the mean and in the dis persion of su rface gravity and hence 
spectroscopic mass below r e ff « 16, 000 K (IKepler et al.ll2007r) . Constraints from lab- 
oratory m easurements on the line shape theory for helium lines at these plasma condi- 
tions (e.g., iDimitrijevic & Sahal-B rechotlll99Cll : lBeauchamp et al.lll997l : lBen Chaouacha et al. 



2007) could strengthen t he hypothesis that this large apparent mass dispersion might be 



real (Ber geron et al.ll2011r) . 
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Figure 2. Figure from Falc on et al.l d2012al) . Time-resolved spectrum of hydrogen 
Balmer lines in absorption from experiment z2244. The intensity of the back-lighting 
continuum decreases over the lifetime of the experiment as the gold reflector cools. 



Measuring gra vitational redshifts in DB spectra using helium lines is possible 
( Falcon et al.ll2012bh but dif ficult due to the complication caused by pressure effects 
dGreenstein & TrimbleHl967l) . More precise constraints on pressure shifts of individual 
He lines could lead to more DB mass determinations independent of the spectroscopic 
method. 

In preliminary experiments performed in January 2011 using a He gas fill, we 
demonstrate that we can observe neutral helium lines in emission. Understanding the 
He plasma formation using this platform, however, includes additional subtleties. Here 
we expect ionizing photons to come from the z-pinch x-rays (attenuated through the 
Mylar window) directly as well as from the re-emitting gold wall. Also, the first ion- 
ization potential of helium is at a higher energy than for hydrogen. 

Immediate feasibility: moderate/high. 



3.2. Carbon/Oxygen - Hot DQs 

The first spectrosco pic fits to observations of this relatively new class of WDs were poor 
(Dufour et al. 2008), motivating new calculations of Stark broadened C II line profiles 
(IDufour et al.ll201 11) . The time for laboratory support for th ese calculations is now, as 
further work for O I, O II, and C I line species is underway (Dufou ret al.ll201lT) . 
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As in the He case, we expect ionizing photons to come from the attenuated z- 
pinch x-rays as well as from the re-emitting gold wall. The first ionization potential of 
carbon is lower than for hydrogen, and for oxygen, it is similar. The resulting ionization 
fraction should be higher for both species at a fixed gas fill pressure. 

Immediate feasibility: moderate/high. 

3.3. Magnetic Fields - DHs and DPs 

We will explore the feasibility of incorporating magnetic fields into our plasmas. The Z 
Facility is capable of generating magnetic fields, but the difficulty of implementing this 
into our experimental platform in a controlled way pushes this project farther into the 
future. 

Immediate feasiblity: low. 



4. Closing Remark 

The scientific potential and flexibility of our experimental platform is perhaps its great- 
est strength. It can likely be used to address problems near the boundaries of our exper- 
tise and beyond, both in WD astronomy and in other areas of physics. Because of this, 
here we solicit comments and scrutiny from you, the scientific community, so that we 
may optimize future experiments and investigations. 
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